Using the "unit output price" profit function, the study analyses the relative efficiency of (a) old versus new seeds, and (b) large versus small farms in the production of new varieties of wheat and rice in the Indus Basin of Pakistan. It is found that whereas farm size has no effect on efficiency, high-yielding seeds are more efficient than seeds of old varieties. The study also finds that labour demand elasticities with respect to both land and capital are rather low.
In the literature on the "Green Revolution", questions about the relati~e efficiency of old versus new seeds of wheat and rice and of large versus small farms remain as controversial as the empirical evidence on them is scarce. Lau and Yotopoulos [5; 6] , and Yotopoulos and Lau [9] , using what is called the "Unit Output Price" (UOP) profit function, developed a theoretical model to test the relative efficiency of large versus small farms. Their studies were conducted on aggregated.data for all crops from some regions of India. However,the same model has been applied by Sidhu [8] to test the relative efficiency of old versusnew seeds of wheat, tractor farms versusnon-tractor farms, and large versus small farms. He has used micro data from the Indian Punjab.
In our study, the UOP profit function approach is used to analyse the relative efficiency of (a) old versus new seeds of wheat and rice, and (b) large versus small farms in the production of the new varieties of wheat and rice. The tests are performed on the data collected from a sample of farms in .the Indus Basin of Pakistan. We feel that this paper makes several contributions. Firstly, the LauYotopoulos results generally suggested that large farms were less efficient than small farms, while Sidhu found no significant difference in efficiency by farm size in the production of wheat. Therefore, another test using a new set of data is useful since the question of relative efficiency of farm size is central to the formulation of public policy regarding land reform. Secondly, since the previous studies have dealt with India, it would be instructive to see if similar kind of relationships are found in a country which has been regarded as a major beneficiary of the "Green Revolution" and where the government in the Sixties opted for a "bimodal" strategy for agricultural development. Finally, since the adoption and use of the new seeds are not limited to wheat, our results comparing the old versusnew seeds of rice provide a more complete assessmentof the impact of the "Green Revolution". One limitation of our study regardingeffects of farm size is that it deals with only two crops, which, though in themselves very important for Pakistan's economy, do not represent the total crop production function on a farm. 1 Section I presents the model-aI!:ddata. The results of tests on the efficiency hypotheses for old versus new seeds and for large versussmall farms and the indirect estimates of factor elasticities are described and the fmdings are compared with previous studies in Section II. Some policy conclusions are drawn in Section III.
I. THE MODELAND DATA
Since the theoretical model developed by Lau and Yotopoulos [5] has already been elaborated in the relevant literature, we will not reiterate it here. Following their formulation of the profit function, we consider labour as the only variable input, since in our data it is also the only major factor for which the price varies among farms.
The estimating equations used for testing relative efficiency by farm size are 1 According to the official statistics, wheat and rice cover more than 52 percent of the total cropped acreage in the Punjab and Sind [7] . A similar percentage share of wheat and rice is found for the sample farms in this study [3, p. 13 (1) and (2) . The dummy variables, DN and Do, take the value of unity for observations on the new and old seeds of wheat and rice, respectively. The dummy variables for districts, Dl to D4' are introduced to account for agro-climatic differences among these regions. The grouping of districts used here corresponds closely to the distinct agricultural regions of the Indus Basin. Since no dummy variable is used for Nawabshah and Hyderabad districts, the bo coefficient represents the intercept of the profit function for these districts.2
Equatiort (1) is termed the profit function and equation (2) is the labour demand function. These equations are estimated by ordinary least-squares (OLS) and, followingLau-Yotopoulos, by the asymptotically efficient method suggestedby Zellner [10] , both with and without restrictions, detailed below. The assumptions underlying the Zellner method are that the errors comprising el are independently distributed with zero mean and constant and finite variance, and similarly for e2' but the errors in equation (1) may not be independent of the errors in equation (2) .
The data were collected in 1974 from a sample of 732 randomly selected farmers in eight districts of the Punjab and Sind provinces in Pakistan [3] . The regional distribution of the 96 villages(66 from the Punjab and 30 from Sind) was based on each district's share in the provincial acreage of major crops (wheat, rice, , cotton, sugarcane and corn). In each of the randomly selected villages,farms were stratified by size into four groups, namely (i) 12.5 acres or less, (ii) over 12.5 acres to 25.0 acres, (iii) over 25.0 acres to 50.0 acres, and (iv) over 50.0 acres. In this study, farms of the first group (12.5 acres or less) are called "small" and all others "large". In this we follow the convention used in other studies on Pakistan's agriculture. The selected districts represent a variety of cropping patterns. However, it should be noted that all areas in the sample have access to water from the canal-irrigation 2In view of the regional differences in agronomic conditions in the Indus Basin and on the suggestion of the referee, we have used dummy variables for the regions in our estimations. . "C.
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In this section, we report and discuss results on differences in efficiency~~'-'
between (i) the new and old seeds of wheat and rice, and (ii) large and small farms in 
seeds with given set of inputs for their production. The estimation results for new~-I!)", r~-----co versusold seeds of wheatand rice are shownin Table 1 . All coefficientshave the ::c!:::
expected signs, except that in the second and third equations reported for wheat the Sidhu [8, p. 744] reports that efficiency in the production of new wheat in the Indian Punjab in 1967-68 was 48.5 percent higher than in the production of old wheat. This result was obtained from an equation estimated under the restrictions of absolute price efficiency in the labour market and constant returns to scale. In Table 1 , our comparable estimates for Pakistan in 1974 show that the new seeds of wheat and rice were more efficient than the old seeds by 19.1 percent and 21.7 percent, respectively. It is impossible to conclude that the substantial difference between our and Sidhu's results on wheat reflects a difference in the two areas studied, since there is also a difference in the periods covered by the two studies. Our results also show that in Pakistan the new seeds of wheat and rice are roughly equally more efficient than the old varieties.
Efficiency by Fann Size for New Seeds of Wheatand Rice
The relative efficiency by farm size in producing the new seeds of wheat and rice uses the notions of technical and price efficiencies. The estimation results are given in Table 2 . All coefficients have the expected signs, except, as in Table 1 , for the coefficients of the wage term in the second and third estimations for new wheat.
This coefficient (b6) becomes negative when it is restricted to be equal to the coefficient in the labour demand function.
To measure the differences in technical and price efficienciesbetween large and small farms and to determine returns to scale, we use the estimation results of Table 2 in the form of fivehypotheses.
Hypo thesis 1
There is no difference in technical effieiency between large and small farms.
The null hypothesisfor this test is: "0 : b5 = 0, and it is tested from results of the Zellner unrestricted estimation.
Hypothesis 2
There is no difference in price efficiency with respect to the labour market for large and small farms, i.e. whether the large farmers pay higher wagesthan the small 3A necessary condition for b6 to be positive is that either (a) more labour is used at higher wage rates than at lower wage rates, or (b) the wage rate exceeds the value of marginal product of labour. The former condition seems unrealistic, while the latter may be true in our data since family labour is priced at the market wage rate with evidence that hired labour is more productive than family labour [2 J. It should also be noted that in the estimation equations without regional dummies, b6 was positive in the case of rice but negative in that of wheat, Table 2 VI 00 
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Hypothesis 3
There is no difference in technical and price efficiencies of large and small farms. This is a joint test of hypotheses rand 2, and the null hypothesis is:
Ho : bs = 0 and b9 =blO' This hypothesis is also tested from results of the Zellner unrestricted estimation.
Hypothesis 4
Maintaining the hypotheses of equal price efficiency with respect to the labour market (Hypothesis 2), large farms exhibit absolute price efficiency. The null hypothesis for this test is: Ho : b6 = b9' and it is tested from results of the Zellner estimation with one restriction, which is b9 = blO' Note that the same F-values result if we test instead the hypothesis that small farms exhibit absolute price efficiency: Ho : b6 =blQ"
Maintaining Hypotheses 2 and 4, the returns to scale are constant. The null hypothesis for this test is: Ho : b7 + bs = 1, and it is tested from results of the Zellner estimation with two restrictions, which are b9 = blO and b9 = b6'
From the results in Table 3 on relative efficiency by farm size in producing new wheat, the only hypotheses which can be rejected at the 0.05 level of significance are of absolute price efficiency and constant returns to scale. Large and small farms do not differ in technical, price and overall efficiencies. There is evidence of increasing returns to scale. The interpretation of results for new wheat is clouded by the fact that the first four hypotheses are tested using estimations which produced a positive sign for the wage rate variable. Turning to the results for new rice, the only hypothesis which is not rejected at the 0.05 level of significanceis the hypothesis of equal technical efficiency for large and small farms. All other hypotheses are rejeGted.
Comparing our results by farm size for new wheat with Sidhu's pooled four-year estimation, we fmd that both studies conclude that there is no significant difference in either technical or price efficiency, or in the two efficiencies jointly, between large and small farms. Also, the two studies show that the sample farms we~e not maximizing profits with respect to prices in the labour market. Finally, both studies strongly reject the hypothesis of constant returns to scale, though we find slightly stronger evidence of increasing returns to scale than Sidhu: for the "2 Restrictions" estimation the sum of our elasticity estimates is 1.142 and Sidhu's is 1.045. The results of our study also show that there is no significant difference in Degrees of freedom for denominator tor hypothesis 3 differ from others because hypothesis 3 was tested by imposing as restrictions the hypotheses being jointly tested,andthen testing to see if restrictions were significant [10, p. 355] . The other hypotheses were tested by computing a Student's t-ratio from the variance-covariance matrix of the coefficients and squaring. The large F-value for hypothesis 4 for new wheat derives from the fact that b6 is positive and bg negative.
relative overall efficiency between large and small farms in producing the new varieties of rice.
The Yotopoulos-Lau [9] results on a total crop production function for Indian farms were marred by a negative coefficient for capital input in the UOP profit function, a problem they attributed to misspecification of the variable. This problem has not appeared in our and Sidhu's studies. However, ignoring the negative coefficient for capital, Yotopoulos and Lau found evidence that large farms were less efficient than small farms, while we have found no difference in efficiency by farm size for new wheat or new rice, testing at the 0.05 level of significance.
Factor Elasticities
Assuming a Cobb-Douglas production function, Yotopoulos and Lau [9, p. 217] have shown that indirect estimates of the coefficients of production function can be obtained from the estimated coefficients of the UOP profit function.
If we let ai' a2' and a3 represent the production function coefficients for labour, land and capital, respectively, the correspondences between these elasticities and our estimated coefficients in Table 2 are givenby:
The indirect estimates of the input elasticities for old and new seeds of wheat and rice are reported in Table 4. . As shown by Lau and Yotopoulos [6, p. 17] , one can calculate the elasticity of demand for labour with respect to the wage rate, land and capital. Using the "3 Restrictions" equation from Table 2 , we fmd that the elasticity of demand for labour with respect to wage rate, (b6 -1), is -1.23 for new wheat (-1.37 for old wheat) and -1.22 for new rice (-1.31 for old rice). The elasticity oflabour demand with respect to land, (b7)' is 0.67 for new wheat (0.88 for old wheat) and 0.66 for new rice (0.55 for old rice). The elasticity of labour demand with respect to capital, Note: Results for "I Restriction" case for new wheat are omitted because the positive coefficient for the wageterm in Table 2 (bS)' is 0.34 for both new wheat and new rice (0.12 for old wheat and 0.45 for old rice). It is important to note that our labour-demand elasticities are approximately one-half as large as those reported by Lau and Yotopoulos. The elasticities of labour demand with respect to land and capital can be interpreted as reduced form elasticities of output with respect to these inputs. These elasticities, which Lau and Yotopoulos refer to as mutatis mutandis elasticities, are more relevant for some policy decisions than the ceteris paribus elasticities reported in Table 4 . In our sample, the two sets of elasticities do not differ greatly, so the distinction is not as critical.
The results reported in Table 4 indicate a higher elasticity of labour with respect to output for the new varieties than for old varieties of both wheat and rice. Further, the elasticities of labour with respect to capital are 0.12 for old wheat and 0.45 for old rice. Thus, increasing use of new seeds of wheat and rice and of capital with them will cause problems of labour absorption only in the case of new rice. The elasticity of labour demand with respect to the wage rate is -1.37 for old wheat and -1.31 for old rice. Thus, in producing the new varieties of wheat and rice, a givenincrease in the wage rate will be less labour-displacing thart would be true for old varieties. It should be noted that our estimates of input elasticities are lower for labour and higher for land than Sidhu's. The higher elasticity for land in our study may be explained by the fact that all farms in our sample are irrigated by canal water.
.
m. CONCLUSIONS
This study confirms previous results indicating that the high-yielding varieties of wheat and rice are more efficient than the old varieties, which is clearly a reflection of their genetic strength and responsivenessto water and fertilizer. In the context of the benefits from the "Green Revolution", it is significant to note that we find no difference in efficiency by farm size in producing the new seeds of wheat and rice. Also, our study suggests that, with the exception of the response of employment to increasing use of capital on new rice, the problem of labour absorption would tend to diminish with increased use of new seeds.
There are some obvious policy implications of this study. We have suggested that large and small farms are equally efficient in producing the new seeds of wheat and rice. At the same time, there is considerable evidence that large farms in Pakistan enjoy preferential access to physical inputs, credit, and markets. 4 The duality of access to income-eaming opportunities is sustained by two simultaneous and related -forces. Firstly, there exists a high degree of concentration of land ownership and use, which allows the owners/operators of large farms a disproportionate use of market power.I) Secondly, the bimodal strategy pursued by successive governments has buttressed this power through relatively higher subsidies on inputs and outputs. It is likely that without the unequal accessenjoyed by large farms they would be far less efficient than small farms. Even if it is true that large and small farms do not differ in relative efficiency, as our study shows, the preferential position of large farms does not serve efficiency and equity in Pakistan. The other related issue of public policy is of employment on farms. Whilethe new seeds seem to create greater demand for labour, the use of more capital on large farms tends to work in the opposite direction in a country in which the problem of labour absorption is indeed critical. One of the major causes of efficiency on small farms is their intensive use of human labour. It is quite obvious then that a policy which breaks up land concentration, and with it the monopoly power of large landowners, would also create increased demand for labour in the countryside.6
